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ABSTRACT

Lambda and a;nti—lambda production at Fermilab energies is so
abundant that an enriched antiproton, polarized proton and polarized
antiproton beams with reasonable intensity can be constructed for the
use of counter physics. We particularly emphasize the completion of nec-
essary digging and modification of the target train during the mesopause
period.

We propose to construct such a facility and to study the substructure
of hadrons through the spin effects at high energy. Physics motivation and
proposed experiments are described. We propose measurements of total
cross-section difference and of high-xF low-pﬂL inclusive pion production

using a polarized beam and a polarized target.
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I. INTRODUCTION

It has been shown that spin effects are important experimentally and
theoretically at high energy. Large polarizations are observed in inclusive
A° production in the neutral-hyperon beam,l and in inclusive proton pro-
duction in the internal-target experiment.2 A sizeable asymmetry effect is
observed at CERN in 7° produ;:ion by 24-GeV/c protons at x ~ 0 and.high ?L.3
Unexpected energy dependence in p-p elastic polarization is observed at
Fermilab energies (E-61 experiment)3’4 and ltl—dependence near the dip
region is remarkable.4

More importantly, the study of spin effects in the scattering of
quarks could be crucial for further development of current theoretical

b

ideas regarding the constituent nature of hadrons. An attempt has been
made to obtain information about the spin distribution of quark-partons
by using a polarized-electron beam and a polarized-proton target.
At Fermilab we can produce reasonably intense polarized-proton and
antiproton beams for counter experiments from the decay of A and
. . . . eny 10 . . . .
respectively with polarization of ".50%, and with the spin direction reversed
from spill to spill. This gives an important advantage over experiments
with polarized target only. The spin reversal on a short time scale
minimizes systematic errors in experiments with polarized beam and hydrogen-
or nuclear—target and in experiments with both target and beam polarized.
At ZGS energies the importance of spin effects has been well
. o 11
demonstrated: structures in the total cross-section difference, large
. f . . , 16 .
asymmetries in inclusive scattering; structures in asymmetry measure-
12 . .
ments at large gl, and the connection to quark-quark scattering. At

Fermilab energies, the polarized beam will be unique and useful in

investigating effects of this nature at much higher energies.



The reason for the rise in the total cross section at energies above

150 GeV is not presently understood. This cross section can be described

14

in terms of two s-channel helicity amplitudes, ¢, (0) and ¢3(0), as:

1

oTOt = (20/k) Im {9, (0) + ¢,(0) },

where k is the center-of-mass momentum of the incident beam.

By studying these amplitudes separately, we could learn whether they
behave similarly at increasing energy or whether the rise could be
ascribed to one of them. The total cross-section difference in longitudinal

spin states allows us to do just that:

Tot .
AcL = (4n/k) Im{¢1(0) - *3(0) }.

T
The study of AGLOt at lower energies has proven to be useful in
1("
other ways. It has provided evidence for a diproton resonance ? and
for an Ai-like exchange trajectory. In addition to the measurements

of ¢1(0) and ¢3(0), it is interesting to investigate ¢2(O), which can be

determined by the total cross-section difference in transverse spin states:

Tot

Acr,T = (-4n/k) Im¢>2(0).

Measurements of inclusive pion production with a polarized
beam, ptp> 7+ x, have revealed large asymmetries in these pro-

cesses at ZGS energies, especially for large values of

X' = pi/prﬁax'lb"l'? Recent experiments have shown that the par-

. . +, - + -
ticle ratios 7 /m and K /K at high x and low pl18 are re-

markably similar to those at x = 0 and high pl.19 These



results have been successfully interpreted in terms of the
guark-parton model,zo indicating that high-x meson production
gives information about the constituent structure of the initial

7c,21

protons. Both theoretical arguments and experimental

datals’zz support the notion that the leading valence quark

(x ~ 1) in the proton "remembers'” the helicity of the proton.
Thus, the measurement of asymmetries in the reactions p'tp-+ﬁt+x
and ptp 4 -~ 1Ti+ X in the high-x region may be a direct way of
probing the spin dependence of the guark-guark interaction. 1In
addition, if sizeable asymmetries were found in the first

reaction, then this process could be used for monitoring the

beam polarization in other types of experiments.

We show in the Appendix I and II other possible experiments under
consideration. A separate proposal is written on high-p asymmetry
&

measurements using calorimeters.



II. ENRICHED ANTIPROTONS, POLARIZED p AND p

IN THE MESON LABORATORY

Polarized Protons from A Decav

In the rest frame of the AO, the proton decays with a
longitudinal polarization of 64%.23 Under the transfbr.mation from the
rest system to the lab system, the spin vector of the proton remains
almost fixed. The polarization in the lab system can be in the longitudinzl
or transverse direction depending on ecm =0 or 900 respectively.

The production of polarized beams from A° decay has already bheen
proposed by several authors.10 We find that there are many ways to
optimize the intensity and polarization of polarized beams.

We propose to construct polarized beams by using the following two
schemes. Details of the polarized beam design are given in a report.2
We describe here the outline.

The basic idea is that polarization direction corresponds to decay
direction of the protons in the 1° rest frame. If we select this decay
direction in the lab frame with some propzsrty of the beam line, we have
selected the polarization, The best place to make this selection is at
the first focus where protons with different decay angle have different
focal points; those with ecm= 0 are centered and those with ecm = 900

are furthest from the center.



ii)

iii)

Transverse Scheme

A transversely-polarized beam can be selected at the first
focus with a sliding collimator or two moving collimators

as shown in Fig. 1. (Better, a vernier magnet may be used to
move the beam spot). Polarization direction can be changed

to the desired direction by the 4-magnet scheme. Spin reversal
is done by either a collimator or a vernier magnet located
downstream of the production target. This scheme gives
high-intensity beam with variety of momenta.

Liongitudinal Scheme

By choosing fast protons from lambda decays, we will obtain

protons primarily from forward-decaying events. The resulting
proton polarization will be longitudinal. This scheme is for
high momentum protons, > 300 GeV/c with 400 GeV/c primary
protons. Spin reversal is done by using a set of reversing
magnets in such a way that there is no motion of the beam in

. 24
the beam transport system or at the experiment. The
scheme uses 8 magnets of 27.4 kG-m field integral each.

Predicted intensities of enriched antiproton and polarized -

qbeams are shown in Fig. 2 together with 7 background.
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Table I: Summary of polarized beams

400-GeV/c primary protons, 5.1012/spill, 1/2 interaction-length Be target

+1 mr acceptance, and 5% momentum bite

e e

Scheme Momentum Intensity/pulse Spin Reversal/
each spill

Transverse <280 GeV/c 1.5 % 107 Collimator or
Vernier
6
Longitudinal >320 GeV/c 5.0 x 10 Eight-magnet scheme

at the downstream
end of the beam trans-
port system

A universal set of spin pPrecession magnets would be eight magnets
of at least 27.4 kG~m field integral which fit into roughly 16 m and have
5-inch gaps. The power supplies could be rampzad and the magnet
polarities switched on a spill-to-spill basis. For most expariments this
full set would not be necessary but the minimum set for any experiment
is four magnets with 3-inch gaps. The spin-reversing scheme is illustrated
in Fig. 3.

Target Train, Sweeping Magnet, Collimator, and Beam Dumping

We need zero-degree production angle, and the three-way split
beam presently planned by Meson-lab physicists is well suited to our purpose.
A dipole magnet to be used for sweeping is shown in Fig. 4 where the beam

positions of M-1, M-~2, M-3, and M-6 are also indicated. The sweeping



magnets can be drilled or cut to allow simultaneous use of the M-1, M-6,
and M-3 lines with beam splitting in Meson lab. The second of the two
sweeping magnets is used to sweep away hadronic shower particles that
leak into the collimator oéening, so that they will not get into the beam line.
Collimators and beam dump are shown in Fig. 5. Collimators used at
high intensity should be made of‘ aluminum so that the hadronic shower
will be spread out sufficiently to allow adequate heat dissipation.
The beam should be dumped far from the coils of the sweeping magnet.
We should be compatible with other uses of the M-2 and M-3 lines in a
time sharing manner. Specifically, the high-intensity K° experiment
in M-3 and a fraction of the primary (~1010) being transported directly
through our sweeping system and down the M-2 line. A nevsf target train

should be constructed during the mesopause.

Polarized-Beam Transport

The decision to plan this beam for the M-3 line which has no bend is
made in terms of polarization. A focusing elemént such as a quadrupole
triplet would depolarize a high-divergence beam such as we are proposing, -
The first order solution is to use another identical element after a focus
to cémpensate and return spins to their original directions. The initial
focusing stage must match the final focusing stage. An odd number of
foci between the first and last stage is required.

We are constrained to compensate all bends between sets of quadrupoles

and further constrained to compensate all momentum dispersions between



quadrupole sets.

The schematic of the beam transport system is shown in Fig., 6. The
problems arise because the beam pipe is only 12 inches in diameter and
displacements of the beam of roughly a foot are needed both for neutral
beam dumping and momentum selection, Alternative methods include
i} the use of superconducting magnets and ii) different beam design with
more depolarization.

We recommend strongly to make a bigger beam pipe in the region of
momentum selection. We need 15-ft. deep, 4-ft. wide, and 600 -ft. long

(4, 000 cubic yards) digging.

Beam Polarimeter

While the polarization of the beam can probably be calcu-
lated to better than three per cent, including correlations of
polarization with position and angle, a beam polarimeter could
greatly reduce the risk of taking data where the beam was not
working properly. Details of this subﬁect are discussed exten-
sively in reference 25. Two tvpes of polarimeters which could
in principle give an absolute measurement of the beam polariza-
tion are:

(1) Measure the p-p asymmetry, App’ from elastic

scattering in the Coulomb-nuclear interference region with an



. [104] [27]
N-type polarized beam. Soffer et al,

A to be 5% at —t=2-10“3 and almost independent of energy.

pp
This calculation assumes the stromy flip amplitude ¢ =0 for very

have calculated

small -t. (The hadronic polarization App~ Im(¢l+ ¢3)Req'>5 has been
observed to be very small in FNAL E-6l at moderate t values. In light
of the small value of Re(¢l+ ¢>3) at FNAL energies, we believe that had-
ronic AppN Im¢5Re(¢1+ ¢3) will be very small in the Coulomb scattering
region.

The rates are quite high in the Coulomb region, and with
an APPNS%,‘this should be good mechanism beam polarization
measuremenf. The inclusive pion spectrometer (Figure 12)
could be used as this polarimeter. The Cerenkov counters and
hodoscopes could be used to help discriminate against inelastic
events and the hodoscopes spread further apart to allow a
" measurement of the scattering angle to <.l mr. The ®rms for
multiple Coulomb scattering in the LH, is an order of magnitude
less, and thus should not jeopardize the measurement. Sample
MWPC data would be used for a cleaner measurement off line.
Assuming useful A$=+45° and AtZ.001-.01, there are 2.5x10°events
.per 200 pulses, giving ApBeam=t.06 for <App>=.04.

(2) The process pA-+pn°A can be related via the
Primakoff effect to low energy yp+7°p, which has large polarization
asymmetries. The effective yp kinetic energy is typically

500 MeV, yielding asymmetries ~40% at certain scattering angles.(25’26)
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Both longitudinal and transverse polarization of the beam can
be analyzed using this effect, if the asymmetries in 7§+ﬁ°p and
?§+n°p are known at the appropriate low energies. The inclusive
pion spectrometer (Figure 12) with the addition of a hodoscope
Oof y detectors at the end can be used for this sort of polari-
meter.

The total cross section, for Coulomb dissociation, is ~20 mb,
so0 the rates are quite adequate. 107 protons/pulse incident on
a 3mm Pb target gives about 100 events/burst in the region of
useful asymmetry region for MpwomlBOO Mev, for example, thus
giving Ame.O3 in about 20 minutes. These measurements require
measurement of the pr°® lab angles to .03 mR for +5° angular
resolution in the eéuivalent low energy yp c.m. This method
should give a more certain measurement but requires a much more
elaborate polarimeter.

A third type of polarimeter is discussed in the proposed

experiment part B.

NECESSARY EQUIPMENT AND MODIFICATIONS

i} Modifications to Meson lab: target train and M-3 line {See Ref, 24,
pP. 46 and p. 47)
ii) High-field quadrupoles {Sze Ref. 24, p. 49)
iii) Spin-precession magnets (Sze Ref, 24, p, 50)
iv) We need4000<cubic yards digging as discussed in the section of Beam

Transport. According to the Architectual Service, this can be

accomplished within a2 month with $45 to $50 K,
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III. DESCRIPTION OF PROPOSED EXPERIMENTS

PART A EXPERIMENTS TO MEASURE A{Ot IN p-p SCATTERING UP TO

340 GeV/c.

We propose to measure the pp totzl cross-section difference of pure

t

Tot . .
-longitudinal spin-states, Ac © (o_,-7_.), in the polarized beam line at FNAL,

L =
Measurements will be made at six different momenta between 100 and 340
GeV/c, where the cross-section rises by about 1 mb unit. (38.5 to 39, 5)
This experiment will be a standard transmission experiment with the

detectors specially designed for a high-divergence beam,

EXPERIMENTAL SETUP:

The layout of the experimental setup is shown in Fig. 7. A polarized
proton beam, in the M-3 beam line, entering from the left, passes through

v +
a threshold Cherenkov counter (C,), set to reject 7's, then through 4 scin-

1
tillator-hodoscope planes (HX1, HY1, HX2, HY2) and finally interacts with
a polarized proton target. The unsczttered beam and forward scattered
particles pass through 6 scintillator-hodoscopes (HX3, HY3, HX4, HY4,
HX5, HY5).

The anticoincidence counters A de.fine the useful beam and the counter -
hodoscopes IC heip in the identification of inelastic events. The detectors
downstream of the target are positionasd on rails so that their distances from

the target can be adjusted depending on the incident proton momentum. At

= 200 GeV, Z_ = 18 m.

P1ab 5
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POLARIZED BEAM

Momentum bite: Ap/p = 5 % (rms).
Angular divergence: Aeb =1 mradian {rms).
A
Intensity: I=5 10° protons/spill.

Degree of Polarization: PB =40 -50.%

POLARIZED TARGET,

It will consist of NH3 molecules, of which the 3 hydrogen atoms can only

be polarized. We list its characteristics:

Free-hydrogen polarization: P, =80 %
3
Target Density: o = .56 gr/em .
NH3
Length: Lt = 10-20 cm.
Diameter: Dt = 2,5 cm.

SCINTILLATION-COUNTER HODOSCOPES,

Schematic diagrams for the HX1 and HY1 planes are shown in Fig. 8.
Each X-and Y-plane (i) consists of an array of Ni scintillation~counters
5mm (thick) x Wi mm (wide)
Both planes are placed parallel to each other and the center beam line passes
perpendicularly through their centers. Whenever a beam-or forward
scattered particle passes through a hodoscope-pair, it is almost always
counted by only one X and one Y scintillation-counter. The light from bhoth

ends of each counter is fed via two fiberglass lightguides to the corresponding
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photomultiplier device.

Some hodoscope characteristics are shown in the following table.

TABLE II: SCINTILLATOR-HODOSCOPES

Counter Hodoscope Térget to-
i Ni . Width Widzh Hodoscope
W, N; W, Distance*
(mm) (mm) Zi(m)
_E=: . . — o
1 20 1.0 20 =9.0
2 20 1.5 30 -0,2
3 20 1.5 30 1.0
4 30 1.5 45 9.0
5 45 1.5 68 18.0
e e e e e e e e e e e e e e
P =2 .
lab 00 GeV

SETUP REQUIREMENTS.

For the design of this setup and hodoscope system, the following con-
siderations were taken into account.
i) It is possible that spills of opposite proton spins will have different
+ L . : Y
m-contamination., This necessitates the use of a threshold Cherenkov -
counter to reject them.
ii) The counter width size is mainly determined from efficiency and

counting rate requirements as well as mechanical construction
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feasibility:
{ mm < W=1.5mm
iii) It would be desirable to have a2 beam spot at the target with a diameter
slightly smaller than the target diameter (Db = 2.5 cm).
iv) We require a t-resolution (4-vector momentum transfer):
st~ (1.5 -2.5)- 107 GeV-.
For Prp = 200 GeV, this corresponds to a polar angle-resolution
88 ~ (.20 - ,26) mradians.
v) To maintain the same t-resolution, independant of the incident proton

momentum, for each scintillator-hodoscope, one must maintain a

target-hodoscope distance proportional to Py
“hoa” Plab’

vi) By requiring the beam divergence to be smaller (A8 < 1 mrad) one
could move the target further downstream and keep the size of the
beam spot at the target the same,

In addition, one can get better t-or 8-resolution by moving the
downstream hodoscopes further away from the target without i>ncreas—
ing the number of scintillation-counters. Or, oné can increase the
counter widths and maintain the same angular resolution,

vii) Since our sample of forward scattering events contains a small frac-

tion of inelastics, care must be taken not to introduce biases in our

extrapolation to Aot = 0).



TRIGGER REQUIREMENTS AND DATA COLLECTION

The two pairs of beam hodoscopes (see fig. 7) will be used to define
the direction of incident protons.

The beam hodoscope logic will rejectb ambiguous or multi-particle
incident tracks. In addition, the Cherenkov counter upstream {of the beam
hodoscopes) will veto charged pions present in the beam.  The anticoincidence
counters A will be used to insure that only beam particles that potentially
pass through the whole length of the target are in the trigger.

The primary function of downstream hodoscopes is to define the angles and
positions of the out going particles, The presence of the three pairs of
hodoscopes will provide sufficient redundancy to permit the continuous mon-
itoring of the individual hodoscope elements. The comparison of the hodo-
scope hit patterns upstream and downstream of the target will provide an
additional check on the continuity of the beam and scattered particle-tracks
through the target.

The electronic hardwaré will provide sufficient flexibility to either
reject multi-particle events entirely, thus selecting elastic or low multipli-
city events, or to identify the leading particle track {more precisesly the
track with the minimum scattering anzle.)

To simplify the logic we plan to process the signals generated by the
X and Y arrays separately. This method lends itself more naturally to the

. 2 2.
use of the projected angles ex and ey and not to the polar angle 8. (s 8

il

From the irnicident and outgoing angles (projected) the scattered angles will
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be calculated by hardware. After each event the appropriate scalers
associated with the incident and outgoing angles and positions will be in-
cremented. At this stage we use the hard\;vare to combine Bx, BY and incre-
ment the scaler corresponding to the polar angle 6. The 8-distributions of
opposite incident-proton spin-directions will serve to eliminate elastic scat-
tering background.

These as well as the other scalers will be read into an on-line computer
at least once for each spill, In addition, magnet currents, target polarization
and hodoscops hit-patterns will periodically be sampled and read into the
computer in order to monitor various experimental parameters such as
beam profiles and phase space.

We would like to emphasize that since this is a scaler experiment and
since beam polarization flips every alternate spin, it is relatively easy
to obtain Ao, values on-line,

L

TRIGGER LOGIC AND ELECTRONICS REQUIREMENTS

To measure a total cross-szection, we must count all incident tracks
within the live time of the apparatus, A transmitted particle is defined by

the followinz 5 reguirements,

TO = Neither the incident, nor the most forward track should be a pion,
T, = One and only one incident track in sach x and y-plane,
T2 = The incident track must lie within the range of the anzular beam-

‘di.vergence, and pass through the target,

T, = Only one outgoing scattering track in H4 or H5 or both,

T, = The most forward scattering track must match with the incident
track at the target within the spatial resolution of the hodoscope-

system,
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We scale all beam tracks, outgoinz tracks, and their matrix-coin-
cideaces., We scale separately coincidences with only ! hit in H3 and coin-
cidences with multiple hits in H3 and/or hits in 1C1 and IC2,

The high rate of about 5 . 106 particles/spill in each hodoscope, poses -
rather stringent constraints on the electronic logic's time resolution and
speed. We estimate that we need approximately a speed of 30 - 100 nsec.

To be able to distinguish particles from different RF-buckets, we need
a maximum of 15 nsec in time resolution,

We plan to use standard electronic logic with matrices to perform all
the required functions. In Table Ila we list the electronic circuitry to be

used for most of these functions.

TABLE II=z:

FUNCTION ELECTRONIC CIRCUIT
Ni Digital Adder
ZXi <1 Analogz Linear Add
Minimum (A, B, C,...) Matrix + "And'

2 2
o L, 2] Matrix

Xy
Ax Matrix

In Fig. 9 we sketch the implementation of some of the above functions.
In the appendix we express these requirements in terms of logic

functions, to be hardwired in the electronic circuitry.
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AGL MEASUREMENT

The amount of beam passing through the polarized-proton target is
attenuated by both the free polarized protons and by the rest of the material
in the target. The number of particles, Ni (corrected for efficiency), that
is transmitted through the target into the ith solid angle covered by segments

of the transmission hodoscope is given by:

NT =N 1 Ly,
N =N exp [ra, - 3oy & PpPo —50) ), (1)

where + refers to the beam and target polarization oriented antiparallel

(+) or parallel (-), N _is the number of incident beam particles, a is an

0

attenuation constant for everything in the target except free hydrogen, o,

is the integrated differential cross section from the ith solid angle subtended,

-1
(N P L) " =2320 mb is the target constant for free hydrogen, NA is

3 :
Avogadro's number, op = 0,.0714 gm/cm™ is the free-proton deasity, L =

10 cm is the target length, and PB = 0.5 and PT = 0.8 are the magnitude

of the beam and target polarizations, respectively.

The partial cross-section difference for each counter, AOL ;7 is
?
calculated from these numbers by:

et NN

2o PPy N;/Ng - NN,

tanh A = - I — . (2)
N./N_ + N,/N
i 0 i 0

Note that the dominant contributions to the attenuation, a. and Ji/A,
exactly cancel in this expression. The efficiencies also cancel to first

order because the beam polarization is {flipped on alternate pulses.
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RATES AND RUN PLAN

The accuracy of AGL measurement is expressed by:
A(Ao; )=(4800/NNy)mb.

We wish to measure AOL to+ 10ub, We will need 2,0 . 1011 incident
protons per beam momentum. Thereforé we will need to take data for
100 hours per beam momentum. (Assume incident beam of 5 - 106 protons/
spill), We will also need 100 héurs for checking out the geometry of the
experiment to reduce systematic errors. We need a total of 600 hours to
complete AOL measurements. We note that for high-momentum data points

a polarized beam will be produced by using the longitudinal scheme and for

low~-momentum points by the transverse scheme.

SYSTEMATIC ERRORS:

Experiments with polarized beams and polarized targets, in which the
polarization of each is reversed frequently, have the happy property of
cancelling out many kinds of systematic errors, Sources of -~ for example,
detector inefficiencies, or geometrical misalignments -- which change
slowly with respect to the period of polarization reverszl, have little effect
on the value of the parametersmeasured by the experiment,

The systematic errors that are correlated with f’ne beam or target
polarization can be classified as multiplicative or additive. The multipli-
cative errors refer to those factors by which the raw asvmmetry must be
multiplied, or divided, to yield the final result, When the asymmetry is

small, and the number of counts are so0 few that statistical errors dominate,
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multiplicative errors may not be important.

Additive errors, which can introduce a spurious asymmetry into the

data, are more serious. In the case where both beam and target are pol-

arized, and reversed at independent intervals, each type of polarization

can be used to monitor, and to cancel out, additive errors associated with

the other polarization.

The following kinds of systematic error are common to most polariza-

tion experiments:

1)

2)

3)

Target polarization measurement (multiplicative error associated
with polarized target)., The polarization of the target can be mea-
sured to an accuracy of £ 3%. The principal uncertainties lie in
the calibration of the nuclear magnetic resonance system, using
the {small) thermal equilibrium signal., Other uncertainties are
introduced by non-linearities in the measuring system when the
polarization becomes very large.

Beam polarization measurement (multiplicative factor associated
with polarizad beam]). Several schemes have been sugge'sted

for measuring the beam polarization. The calculation based

on beam kinematics is probably accurate to + 3%.

Change in beam geometry with beam polarization (additive factor
associated with beam). We control this source of error by (a)
using the 8-magnet spin reversal scheme that maintains constant
beam geometry, or doing polarization reversal upstream of the

collimator, (b} using the incident beam telescope and meatrix
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coincidence to define acceptable incident beam direction, (c)
comparing asymmetries observed with the two senses of target
polarization;

In the total cross-section measurement there is an additional source
of systematic error becéuse, in a transmission geometry, the quantity
measured is the total cross-section minus the cross-section for elastic
scattering intp the solid angle unresolvable by the detector (about .1 milrad
in this désign. The latter cross—sectioﬁ ranges from less than a millibarn
up to several millibarns as the beam momentum increases. To estimate
the contamination, we can measure the anguiar dependence of the elastic
cross—section in the two spin states using the diagnostic data from these

scattering events sampled by the computer.



APPARATUS

1) Use of one of the existing Argonne polarized proton targets,

2) Threshold Cherenkov upstream to reject incidsat pions,

3) Threshold Cherenkov downstream to reject events in which fast pions

are produced,

4) Ten scintillator hoddscopes, five horizontal and five vertical whose
characteristics are given in Table II.

5) Fast hard-wired matrix conicidence logic, with 15 as time resolution,
to perform the following functions for each event triggering the experi-
ment,

a) Veto any event in which more than oae scintillator has a count in
any of the upstream hodoscopes,
b) Define trajectories that will intersect the polarized target,

(in)

¢) Measure {x,V) and (x, y)(OU’t) - coordinates and (Bx, Qy_) angles

of these trajectories,
d) Calculate 92 = 92 + 92.
x y ‘

e} Measure number of hits in each hodoscope. (N(l)).
6) Fast scalers, gated for live-time {plus some ungated ones) to count:

a) Incident protons,

b) Events from x- and y-hodoscopes,

c) Events from the matrix coincidence logic,
7) Monitor telescope,
8) On-line computer to perform the followi ng fuactions:

a) Control and measure target polarization,

b) Record all scalars and monitors, once per spill,

c) Various on-line diagnostics.
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Part B: ASYMMETRIES IN INCLUSIVE PION PRODUCTION

WITH A POLARIZED BEAM AND TARGET

ABSTRACT

We propose to measure asymmetries in inclusive pro-
duction of high momentum pions in the reactions
1) ptp> it anything, using a transversely polarized beam
and a liquid hydrogen target, and
2) p+p++ﬁi + anything, using a longitudinally polarized

bean and a longitudinally polarized target.
The measurements would be made using the polarized proton beam

proposed by the M-3 Beam Workshop, and a single arm spectro-

meter consisting of an analyzing magnet, proportional chambers

and gas threshold Cerenkov counters. The kinematic ramge cov-

ered by the experiments would be pTSl.O GeV/c and x=p£/p$axzo.5+0.9.
If sizeable asymmetries are found in reaction (1), them the pro-
posed apparatus could be used as a beam polarimeter for further
expe:iments: modified versions of the same apparatus could

be used as possible polarimeters utilizing electromagnetic

effects.



PHYSICS INTEREST

Measurements of inclusive pion production in p-p collisions
with a polarized beam, p+p+ﬂt+anything, have revealed sizeable
asymmaetries in these processes at plab=6 and 12 GeV/c:[ls’l7]
These asymmetries seem to be energy independent, they increase
with both increasing P and increasing x (=pz/p£ax) of the
scattered pion, and reach large values (30-40%) for x20.7
(Figure 10). The presence of these large effects in inclusive
reactions was rather unexpected, since it was thought that con-
tributions from different inelastic channels would tend to can-
cel out, resulting in small asymmetries. At the present time
there is no clear theoretical understanding of the origin of
these effects.

In order to study the spin dependence of inclusive pion

production at Fermilab energies, we propose to measure asymmetries

in the processes

p+p+ﬂi+ anything (1)

p+p++ﬂi+ anything (2)
with special emphasis on the high x region. The first experi-
ment would utilize a transversely polarized beam, and thus we |
would measure the asymmetry

3 3 _ 3 3
E d 0+/dp E 4 0¢/dp L (3)

A (s,p.,X) =
noT 3 3 3 3
E d 0+/dp + E & 0+/dp
where E d30/dp3 is the invariant cross-section for pion pro-

duction and *+,+ refer to the transversity of the incoming proton.

The second experiment would employ a longitudinally polarized
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(8]

beam and a longitudinally polarized target, and we would measure

3 3 3 3
E d7o, . /dp” - E d70o, __/dp

AﬂL(S,pT,X) = [4 (4)
3 3 3 3
E d C++/dp + E d o+_/dp

where the ++ and +- refer to the helicities of the initial
protons. Presently there are no data on these parameters at
Fefmilab energies, and no data at all on Azz- Furthermore,
current theoretical models give very little guidance as to what
to expect. Hence, it would be particularly valuable to obtain
experimental information on these asymmetries, to be tested

against further theoretical developments.

However, we believe that the study of these processes may
yield direct information about the constituent structure of
the proton and about the spin dependence of the constituent-
constituent interaction. This possibility arises from the fact
that recently there has been cornsiderable success in explaining
certain features of high x meson production in p-p collisions
in terms of the gquark-parton model.[zq It has been generally
thought that the description of low P phenomena within the
framework of this model is very involved since all the constitu-
ents must be included in the considerations simultaneously.
This is in marked contrast with high P Processes, in which
the high Prp hadrons or "jets" presumably are fragments of a
single quark scattered through a hard cocllision. However, recent
data of Johnson et aﬂ.ﬂﬁ] show that the particle ratios w+/n-
and K+/K— at high x and low pp are remarkably similar to those

9
at x=0 and high P (Antreasyan ¢t aﬁ.p']), as shown in Figure 1L
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This independence of Py seems to indicate that the relevant

variable for describing meson production is the radial scaling

max’ And that there may be a connection between

variable xR=E*/E
high Py production and low P high x production.

ochs P8 has noticea that the n /7" rétio VS. Xp ciosely
resembles the u(x)/d(x) ratio, where u(x) and d(x) are the
number of up and down guarks of fractional momentum x in a proton
as determined by deep inelastic lepton scattering experiments.
This observation suggests that the ﬂiproduction cross~sections
in p-p collisions are determined by the u and d valence quark
distributions in the proton, and in particular that the u quark
in a fast ﬁ+should be one of the original u gquarks in the inci-
dent proton (similar arguments hold for the d quark in 7 pro-
duction). Hence, low P high x single pion productioh gives
informatigqrabout the constituent structure of the initial
protons;

In addition, there are theoretical reasons to believe that
the leading valence quark (x~1) in the proton carries the heli-

f1,6c] This assumption implies that the u/d

city of the proton.
ratio approaches 5 as x+l,Ql] which in turn leads to the ﬂ+/ﬂ—
ratio approaching 5 as xR+l, in agreement with the data of
Johnson et af. There are also data from deep inelastic scat-
tering of longitudinally polarized electrons on longitudinally

(22

polarized protons supporting the notior that quarks "remem-
ber" the helicity of the proton even at moderate values of x.
Thus it may be that the alignment of the spin of the proton
-and the spin of the leading valence guark is a general pheno-

menon and this in fact is our main motivation for emphasiz-

ing fhe high x region.
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In conclusion, we believe that measurements of the asymmetries
of fast pions produced in inclusive processes (1) and (2) may
be a very direct way of probing the spin depencdence of the guark-
guark interaction. These studies may also shed light on the

question of whether the high momentum pions result from gquark

[29]

fragmentation through gluon emission or whether they

are produced through the guark recombination process as has

[20,30]

been recently suggested. Finally we wish to point out

that if sizeable (210%) asymmetries were found in reaction (1)

then this discovery would have an immediate application in that
the proposed apparatus could be used as a simple and convenient

beam polarimeter for other types of experiments.

EXPERIMENTAL TECHNIQUE

The pr0posed layout of the experimental apparatus is shown
in Figure 12.

The transversely or longitudinally polarized proton beam
is incident upon either a 100 cm long liguid hydrogen target
or a longitudinally oriented polarized proton target. Since
the beam originates from A decay, its divergence will be large
(vilmr). To obtain good resolution in < the angle of each
incoming particle is measured by the two x-y hodoscopes H1l and
H2. The other hodoscopes H3 and H4 will be used in the trigger.
These hodoscopes will have a spatial resolution of 1.5 mm and
will be spaced 15 m apart.

The production angles of charged particles emerging from

the target are measured in the multiwire proportional chambers
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{(MWPC) labeled Pl and P2. Their angles, after magnetic analy-
sis, are again measured in MWPCs P3-P5. The MWPCs are standard
Rice University proportional chambers with "fast" (40 nsec
strobe) readout electronics so that rates 1 MHz/2 mm can

be tolerated. For some parts of the experiment, especialiy

"hot" sections can be deadened. Most of the needed MWPCs already
exist and, in fact have been tested and utilized in medium and
high energy physics experiments. Fast readout electronics are
being constructed for all planes.

The analyzing magnet shown is a standard BM109 (24VIII72) or
BM105 (18Vi72) bending magnet. Such a magnet should be readily
available at FNAL or one could be borrowed from Argonne.

For m  production, particle identification is simple due
to the opbosite curvature of pions and protons in the field of
the BM109. We plan to trigger only on m produced to beam left;
thus, at Pg T are separated from the beam by >1 m. Simply
placing a scintillation counter (labeled Cw) as shown should
provide a clean trigger for 7 . The m trigger will be tight-
ened further by requiring the two threshold Cerenkov counters
in coincidence. We expect to be able to make reliable estimates
of 7 asymmetries on line.

For n+ production, particle identification is much more
difficult, especially at very high values of x. We plan to use
the two gas threshold Cerenkov counters, labeled C1 and €2, in

coincidence to suppress background from proton induced é-rays



from the beam and the copious inelastically scattered protons

4

(p/ﬂ+§lo at x=.9). Each counter should discriminate against

protons at a level <1072 giving a total suppression of 1074107
of spurious proton triggers. We expect singles rates‘mlos/sec
for each counter, but multiple coincidence trigger requirements
should eliminate this problem. The ¢ threshold setting along
with the bend of the BM109 should strongly suppress background
due to lower x pions (gﬁlo Gev/c). These counters are standard
pieces of FNAL equipment such as were used in E-61. It is

our understanding that the bodies of the E-61 counters still
exist in storage at FNAL, and we would hope to use them after
rehabilitating the optics and prOViding our own photomultiplier
tubes.

We plan to trigger the nt experiment by detecting deflection
of scattered particles using the x-y hodoscopes Hl-H4 and a hard-
wired coincidence matrix to further suppress spuridus beam in-
duced triggers. The hodoscopes have 2 mm spatial resolution
and each pair H1-H2, H3-H4 provides a lever arm of approximately
20 m. A deflection in particle trajectory of at least 0.2 mrad
will be required to trigger the experiﬁent corresponding to a-

" cutoff pTS.OS Gev/c. Although this requirement introduces a
bias against legitimate events with a very small angle particle,
we believe it is necessary for distinguishing very high x, small

P nt from protoqs, and that in fact, this small P cutoff wili-

negligibly bias the physics results. We have had experience
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in previous experiments with fine grained hodoscopes and with
coincidence matrix electronics. We expect to improve our
.spatial resolution by a factor of approximately 2 and upgrade
the complexity of our matrix electronics. There should be 2104
trigger candidates/burst, so that a clean decision can be made
by the matrix electronics with little deadtime.

The trigger for 7t will therefore consist of deflection
through an angle of greater than 0.2 mrad. in coincidence with
a count in both Cerenkov counters. For 7 the trigger will
consist of the réquired bend in the BM109, i.e., a count in
the C, counter and the coincidence of Cl and C2. This
trigger can be further tightened by hodoscope requirements if
necessary. For the single spin measurements with a liquid
hydrogen target, an appropriate amount of target empty running

will be included. From our experience at the 2GS, we expect

the target empty background to be <20%.

In the case of a longitudinally polarized beam incident
on a longitudinally oriented polarized target, all single
spin hadronic asymmetries must vanish due to conservation of
parity. Any observed asymmetries must then be due to spin—spih
effects involving scattering off of the free protons (only the
free protons are polarized) in the target. Thus, the problem
in inelastic measurements using a transversely polarized
target of contamination due to asymmetries from scattering from
carbon and other bound nucleons is avoided for measurements

involving longitudinal spin orientations.
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Spurious asymmetries due to long term drifts in beam position,
spot size, intensity or spill structure will be averaged away
by reversal of the sign of the beam polarization on alternate
accelerator pulses. Additional signal averaging will be
provided during polarized target running by periodic reversal
of the spin direction of the target polarization.

This apparatus can be used to extend these measurements to
higher values of P simply by shifting the downstréam elements
in the apparatus by one meter transverse to the beam direction.
At these higher values of P discrimination of 7t from protons
becomes less difficult due to the greater angular separation of

the 71s from the beam protons.

EQUIPMENT REQUIREMENTS

We - will need the following equipment:
1. Use of the M3 polarized proton beam operated in
both the transverse and longitudinal modes.
2. A BMI1OS or BM105 bending magnet and power supply
or the arrangement of a loan of such equipmént from
Argonne.
3. A 100 cm long liguid hydrogen target
4. Two threshold Cerenkov counters of the type used
in E-61.
5. Use of one of the existing Argonne polarized

proton targets.
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The trigger and monitor counters, proportional chambers,
cabling, and electronics trailer (which includes a PDP-11
computer, tape drives, discs, fast and slow logic and scalers)
will be furnished_by Rice. We require only AC power hook-up,

beam line controls, and timing signals from accelerator control.

RATES, RESOLUTION, AND RUN PLAN

A summary of the expected rates and run time regquired to
execute the initial parts of the experiment is shown in Table 3.
The parameterizations of the inclusive scattering data by Ander-
son et aﬂ.[3l] and Johnson et aﬁ,}lS] have been used for these
rate estimates., With the initially expected intensity and beam
polarization Io=107/pulse and pB=.4, we should be able to
~ measure aéymmetries for x=.6+.9 in bins of .05 in five bins of
P for pT<.5 with an accuracy of AAv.025 in the running time
indicated. We will also explore the region .52pT21.0, since
the =+ asymmetries here were largest at ZGS energies. We also
request a tune up period which may be parasitic with low intensity
‘beam on target; however, rates in the MWPCs and aerenkov counters
should be tested at 105107/burst during the final stages of
tune up.

The rates expected in a polarized beam-polarized target
experiment at low Pp are listed in the last line of the table. |
We hope to execute this experiment some time after the initial
polarized beam turn on, even if single spin asymmetries prove

uninteresting.
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We expect to use a BM105 or a BM109 shimmed to a 6" gap
as the spectrometer magnet, giving a 1.2 Gew/c transverse
deflection. The angular resolution of the upstream hodoscopes
H1l and H2 determine the resolution ApTE.OB Gev/c, and the MWPCs
give AxE;.OZ. Qur resolution should enable measurement of the
asymmetries in sufficiently small bins to determine their x and
Pp dependence. Discrimination against spurious proton triggers
and lower energy pions should ensure élean measurements of 7
asymmetries up to x=.90,and1# asymmetries up to x=.8+.9.

We hope to tune and debug the apparatus during initial
tune-up of the M3 beam line soon after the Mesopause. We then
plan to quickly expiore the high x, low pq region for possible
_large single spin asymmetries. If these are found, the appara-
tus could then be used as a relative polarimeter for further
beam tune-up. After the polarized beam is in stable operation,
we then propose to explore the higher Prp pion production asym-
metries. We believe that the measurements with a polarized
target are especially compelling, and request an additional 200
hours as an initial run, since averaging out systematic:
errors may prove time consuming. A Summary of running time

requests are as follows:

Tune-up (mostly parasitic) 200 hours
Low pT:H2 , 100 hours]

] 300 hours
Higher p, scan: H, _ 200 hours]

Polarized beam-polarized target '
run, low P 200 hours
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The systematic errors incurred with a polarized beam-~
polarized target measurement will be studied in such measure-
ments soon to be carried out at the ZGS. We hope to attain an
accuracy of AAnvz.03 in the measurements at Argonne.

If substantial asymmetries (v.2-.3) are found in one
spin measurements, a polarimeter which measures
APB/PB=.05 in 20 minutes can be effected with the same spectro-

meter.lzs]
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IV, SUMMARY

The constructioa of a beam for polarized protons and anti-protons will
provide a unique facility for study of some of the ou‘us‘cgnding problems in
hadron physics. In particular, the substructure and interactions of hadrons
can be studied through spin effects at high energy.

We are submitting two seéafate proposals, In this proposal, we in-
clude rneaSurew;nel ts of the pp total cross-section difference in the region
where the rise in cross-section is observed, and 1.ow—p_L large-x hadron-
production process using a polarized Beam and a polarized target; Thé
second proposal concerns measurement of the asymmetry in high-pl events,

In this proposal, we regaest the following machine time:

T
L

Part A, Ao, measurements including po

o

L arized-beam tuning -
600 hours, This experiment* will be a standard transmission
experiment with the detectors specially designed for a high-
divergence beam, |
Part B, Asymmeiries in inclusive pion production - 600 hours,
Equipment regairements are

{i) a BM109 or 105 bendingmagnaet,

(i1) liguid aydrogen and polarized targets,

(iii) threshold Cherenxov counters,

(iv) scintillation-counter hodoscopes, and

(v) multiwire proportional chambers,
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APPENDIX I

HIGH-P,. HADRON PRODUCTION WITH A TOROIDAL SPECTROMETER _

PHYSICS INTEREST

T .seem to be two affi-

cient ways for probing qiark-gaark interactions at short distances, The

Hadron production and jet prodiction at high-P

role of spin-forces in the dynamics of the elementary constituents of the nu-
cleon is emphasized to some exteat in the Introduction. We regard this part

of physics as one to which very important contributions can comé from
polarized protoxl;proton {antiproton) experiments, To this end, we have
submitted .a separate proposal to study asymmetries of inclusive and jet-

like products in high-PT p~D interactions using large acceptaﬁce calorimetersg,
Here we would like to discuss our interest in the very interestinz possibility
of using a toroidal spectrometer to study inclusive-charged hadron produc-

tion at high- PT .

The limited luminosity, the low high-P_ inclusive rates, and high

T
low- PT background die to the sharp fall-off of the cross-section with PT

-8, . : . . .
(~ PT ) impose the following stringent reguirements on such an experiment:;

(a) Largs ¢ -acceptance,

(b) Maximum possible target length and beam infensity available,
(c) High signal (high~PT)/nof_se (low- PT) ratio,

(d) Good momentum resolution,

Up to aow, all high-PT inclusive experiments have had a very limited
b-acceptance (€ w /20), We have made a preliminary Moate-Carlo study of »
toroidal spectrometer design as well as two more conventional large aperture
specirometers,

The results indicate that the toroid



(a) Is more than 3 orders of magnitude better in signal-to-noise
ratio {2 - 3 . 103 vs, ~ 1),

(b) Is about 5 times better in 6 -acceptance {85% vs, 15-20%)

(c) It can accept simultansously a large range of PT > 2 GeV and

X = 0 inclusives with high acceptance,

DESCRIPTION OF THE SPECTROMETER AND ITS PROPERTIES

Fig, 13 shows some views of our current magnet design, The field inside
the toroid has cylindrical symmetry and varies as ~ 1/r (r = radius).

Fig, 14 shows the experimental set up, The beam axis coincides
with the toroid axis,

The bending of each particle prodiuced at the target and entering the mag-
net happens on the prodiaction plane containing the beam-toroid axis, The
particle trajectory is always perpendicular to the field lines and so0 the field
is fully utilized, The inner cylinder of the toroid of =~ 10 cm radius allows

the beam and the forward-goinz low-P_ prodacts of multiparticle events to

T
pass unaffected by the field, The field can be set so that positive particles
bend outwards and negative ones inwards, getting trapped around the bheam
axis, This and the dependeunce of the anzle of bend on the particle momen-
tum providz this spectrometer with charge and kinematic selectivity in
Xg» Prp).

With such a field configuration, ths low-eanergy (XF <0, low- PT)
particles can be swept with high =fficieacy away from the MWPC and DC-
planss (Drift—Ch.arﬁber) shown in Fig, 14, This should allow the deteztor

to tolerate zasily the rates from a 20 cm NH, target and a beam intensity

> 10 protons/snill in an optimized setup configuration,



TRIGGER.
At SO’ S'l’ S2 of Fig, 14, three scintillation~counter hodoscopes, finely

segmented and azimuthally symmetric, define the production plane of each

F T

a very tight, triple coincidence, coplanar trigger, essentially free from non-

inclusive product as well as its x _ and P_~-range, Thus, they can provide

conlanar background and a suopression in the geometrical accepntance of
P g R g I

signal (PT > 2 GeV) 3
: == > 10 .
noise (PT > 0,5 GeV)

Fig, 15 shows the shape of these hodoscopes and the wire configuratibn
of MWPC and DC-planes placed after the magnet to find particle tracks and
facilitate their kinematic analysis,

The part of the detector corresponding to those particles that are swept
away from the beam-toroid axis has the maximum sensitivity,

Therefore, by simply switching the magnet current polarity, one could
study v and 7" separately at that part ol the detector.

By placing a segmented Cherenkov-counter, shown in Fig. 14, behind
the 32-hodoscope, a ‘IT+ vs, proton discrimination will b‘e possible, By plac-

o ’ . .
ing a m detector further downstream, one could trigger simultaneously on

o . . . . :
T ~inclusive production, essentially free from low-energy background,



43

INCLUSIVE RATES AND TRIGGERS

Inclusive rates for this experiment have been calculated using the data
19) . .
of Antreysan et al” "‘as well as AN(pPT)’A" ](E)Tp?_) errors, listed in Table I
P

along with the conditions assumed.

TABLE 1 SALL and (SAN_Accuracies at py . = 200 GeV/c.

Py E(a’0/ap”) (T +...) <Pri A (pTP1) 8A (PR 1)
(GeV) (cm™) (GeV)

3.0 2.1 x10-32 3.6 <.01 <.01
4.0 7.3 x 10-34 4.8 .04 <.o0l
4,5, 1.0 x 10-34 5.5 .10 .01
5.0 . 1.5 x 1073> 6.1 18 03
I =1.5'107 protons /spill, LNH3 = 20 cm, 1 month running (700 hours)

A¢/2m =9, Apy, = .5 GeV, Ax(x~0) = .1

CONSTRUCTION FEASIBILITY AND COSTS

Preliminary calculations and discussions with a toroid specizlist at
ANL* indicate that its building should pose no problems in mechanical
construction. For a regular Cu-coil, water cooled magnet, with a central
IBdl = 20 kGm and 2.5 meters long, the following estimates have been
calculated:

Cost = $25 - 30 k.
Time for construction, test and calibration = 5 months. In addition, the
highly symmetric characteristics of the device would allow Simplicity and
high compactness of the detector, thus keeping builciing, testing, maintenance
costs and time consumption low.

Finally, we point out the easiness of access to the detectors and their

fiexibility to adapt to different experimental conditions.

"Bert Wang, private communication.
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APPENDIX I1

OTHER POSSIBLE EXPERIMENTS USING THE POLARIZED-PROTON BEAM
FACILITY

First, we note tha® we can measure _lch with an N-type polarized
target and ~he apparatus described n the text, This would give us an addi-
tional clus about the rise in our total cross ssction.

Taking advantage of the polarized-antiproton beam, we can measure
Ag . and Ag ., for pp scatteringz, Theoretical interests are recently discussed

L T * @
by C, Sorensen,
. o . bt + - .

In the dilepton-production experiment, plol— (p u } + x, we study the
mechanism of ¥ productionat m = 3 GeV and the Drell-Yan mechanism

. 7,8 . . s e . 2y b} + -
at higher mass, With a polarized antiproton beam, a reaction pipl — (p u )
+ x enables us to observe the soin effect of valence-auark and anti-valeace-
1 3 e 1.3 33 L g a . . N c

quark interaciions, Another exciting possibility is that one can perform

an experiment like pp - (Jet) + x. Then we can observes valence quark, 9,

to anti-valence gquark, g interaction, while in pp scattering, we observe

> _V.’ 3 Py <

a - Els (anti-sea quark) interaction.

Total cross section or 1arge-p_L inclusive measurements using a longi-
tudinally-polarized beam should e aseful in a search for a parity-nonconserv-

ing component in the force betweea nucleons, The predicted asymmetry effect
. -2 -5 34

varies from 10 7 to 10 7,

Finally, we note that polarized heams are useful to pursue "old physics'

32,35

such as elastic-scattering amplitude measurements at small !t' .
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APPENDIX IIL

TRIGGER LOGIC FUNCTIONS

where C1, C2 are the Cherenkov-counter signals set to detect fast pions,

We define
<t
J

Then, the above 4 requirements read as follows:

(Yél)) = the jth-scintillator of the HXi (HYi) hodoscope.

N N N N
=@l xWoy. 22 B oy 2tyPon 2% v -y
=1 . S o S =t =1

where N, = number of scintillation-counters of Hi—hodoscope.,
1

in X(2) (1)

Define AX

j2 . 31
in (2)_ (1)
N =
Y Y ki
T2 = ]AX |-<— M1n) . (lAYm| < Mln)

where Mm = 10,

a parameter defined by the beam-hodoscopes and target setup.

N N N N

o (4 5
3. 2t xH ey 2t vWe gy 2P Py 2% vB oy
=1 ] =t : =t =t
For every hit (X;S), Y(S)) in H5
J
Find ax9% = x1) L x(3)
25j J
AYOHE - v Y(s)
25j j
Then, find
6 _ in out
x25 (,Z Ax 25j“

> .‘AYin _ out;
y25 (! AYZSjl)'

fos)
1
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For every hit in (X§4), Y§4)) in Y4, find

Ax2% - x(8) x4

243 ]
out _ _{2) (4)
AY24j =Y - Yj
Then, find
in out
8x24— (‘ 2. axX -AX24jI )

25 " Oxoq| SMD) - (10,550 ,5] < MD)

where MD = 3 mm, which is the spatial resolution ujnper limit of the scintil-

lator-hodoscope system,
Finally, the transmitted particle is defined by

T=T0-T1-T2-T3~T4
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SPIN FLIPPING WITH NO NET BEAM MOTION

longitudinal in - longitudinal out

Fig. 3
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Figure 1&¢ The asymmetry
plotted against x=p$/p;ax
Lines of approximately constant Pp are drawn
for the = data. : _
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